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Abstract
Experimental results stated in [1] are seminal: The authors have realized nondemolition
measurements of the photon number. As to the interpretation of the results, it seems to be
less than convincing: The treatment of the system state and of the role of measurement is not
compatible with the conventional point of view. We propose an adequate treatment, in which
the experimental results are a manifestation of a partial Zeno effect (a slowdown of relaxation).
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Experimental results stated in [1] are seminal: The authors have realized nondemolition
measurements of the photon number. As to the interpretation of the results, it seems to be
less than convincing: The treatment of the system state and of the role of measurement is not
compatible with the conventional point of view.
We quote some statements:
“A QND detection . . . realizes an ideal projective measurement which leaves the system in
an eigenstate of the measured observable. It can therefore be repeated many times, leading to
the same result until the system jumps into another eigenstate under the effect of an external
perturbation.”
“Our experiment realizes for the first time. . . situation in which the jumps of a field oscillator
are revealed via QND measurements . . . ”
“The atoms in the QND experiment are witnessing a quantum relaxation process whose
dynamics is intrinsically not affected by the measurement.”
These statements along with the full text imply that the field oscillator is at any time in a
pure state with a state vector
|t〉 := |oscillator t〉 =
0,∞∑
n
cn(t)|n〉 ≈
0,1∑
n
cn(t)|n〉 (1)
with
cn(t) = 0 or 1 (2)
and
wn(t) = |cn(t)|
2 , 〈wn〉time = lim
T→∞
=
1
T
T∫
0
wn(t)dt (3)
〈wn〉time = 〈wn〉thermal (ergodicity) (4)
n¯(t) = 〈t|nˆ|t〉 , nˆ = aˆ†aˆ (5)
n¯thermal := 〈n¯〉thermal ≈ 〈w1〉thermal (6)
We argue that a more adequate treatment should be based on the conventional point of
view, which is this. The field oscillator is described by a mixed state with
ρˆ(t) := ρˆoscillator(t) = Trthermostat{ρˆoscillator+thermostat(t)} (7)
In an equilibrium state,
ρˆthermal = ρˆequilibrium =
1
Z
e−~ωnˆ/θ =
1
Z
0,∞∑
n
ρnn|n〉〈n| , ρnn = e
−~ωn/θ , Z =
0,∞∑
n
ρnn (8)
and
for ~ω ≪ θ
0,∞∑
n
≈
0,1∑
n
(9)
In the state with a fixed n
ρˆ = |n〉〈n| (10)
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Now
n¯(t) = Tr{ρˆ(t)nˆ} =
0,∞∑
n
〈n|ρˆ(t)|n〉n =
0,∞∑
n
wn(t)n =
1,∞∑
n
wn(t)n , wn(t) = 〈n|ρˆ(t)|n〉 (11)
Let a nondemolition (nondestructive [2], ideal or of first kind [3]) measurement be deter-
mined by a decomposition of unity
Iˆ =
∑
j
Pˆj (12)
Then the probability of a result j is
pj = Tr{ρˆPˆj} (13)
and
ρˆ := ρˆ(tmeasurement − 0)
jump
−→ ρˆ(tmeasurement + 0) =: ρˆ
′ = ρˆj =
PˆjρˆPˆj
Tr{PˆjρˆPˆj}
(14)
(the Lu¨ders rule [2],[3]). In our case,
Iˆ =
0,∞∑
n
|n〉〈n| ≈ |0〉〈0|+ |1〉〈1| (15)
If and only if ρˆ = |n〉〈n|, then ρˆ′ = ρˆ (no destruction) (16)
Now we use a kinetic equation for n¯(t):
dn¯
dt
= Be(n¯ + 1)− Ban¯ (17)
(e stands for emission, a for absorption) or
dn¯
dt
+ γn¯ = Be , γ = Ba − Be (18)
The thermal value is
n¯thermal =
Be
γ
=
1
Ba/Be − 1
, Be/Ba = e
−~ω/θ , n¯thermal =
1
e~ω/θ − 1
(19)
We obtain
n¯(t) = n¯thermal + [n¯(0)− n¯thermal]e
−γt (20)
Let us use the approximation (9), so that
w1(t) = n¯(t) , w0(t) = 1− n¯(t) (21)
We have
for n¯(0) = 0 w0(t) = 1− n¯thermal(1− e
−γt) , w0(0) = 1 (22)
for n¯(0) = 1 w1(t) = 1− (1− n¯thermal)(1− e
−γt) , w1(0) = 1 (23)
or
wk(t) = 1− 〈wk¯〉thermal(1− e
−γt) , k = 0, 1, k¯ = 1, 0, wk(0) = 1 (24)
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Consider quasicontinuous measurements as performed in [1]. Let ∆t be the time interval
between the measurements, and let wk(0) = 1. The probability of the result n = k (k = 0, 1)
of the measurement at t = ∆t is
pk(∆t+ 0) = wk(∆t− 0) = 1− 〈wk¯〉thermal(1− e
−γ∆t) (25)
After m = t/∆t measurements
pk(t + 0) = [pk(∆t + 0)]
m = [1− 〈wk¯〉thermal(1− e
−γ∆t)](1/γ∆t)γt
= {[1− 〈wk¯〉thermal(1− e
−x)]1/x}γt , x = γ∆t
(26)
Now let
x = γ∆t≪ 1 (quasicontinuity) (27)
We obtain
[1− 〈wk¯〉thermal(1− e
−x)]1/x ≈ [1− 〈wk¯〉thermalx]
1/x = {[1− y]1/y}〈wk¯〉thermal ≈ e−〈wk¯〉thermal (28)
so that
pk(t+ 0) ≈ e
−〈w
k¯
〉thermalγt = e−t/τk , τ =
1
〈wk¯〉thermalγ
for wk(0) = 1 (29)
Thus
τ0 =
1
n¯thermalγ
, τ1 =
1
(1− n¯thermal)γ
(30)
Now for T →∞
Tn=1
Tn=0
→
τ1
τ0
=
n¯thermal
1− n¯thermal
(31)
or
Tn=1
T
→ n¯thermal ,
Tn=0
T
→ 1− n¯thermal (32)
Thus it is the measurements that lead to the relations (32). Under quantum jumps in the
system oscillator+thermostat, ρˆ tends to ρˆequilibrium (relaxation); under those caused by the
measurements of n, ρˆ undergoes deviations from ρˆequilibrium.
Note that without measurements, i.e., in (20),(22)–(24)
τ =
1
γ
(33)
whereas with the measurements of n
τk =
τ
〈wk¯〉thermal
> τ (34)
This is a partial Zeno effect: a slowdown of the relaxation.
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